Endocannabinoid-mediated synaptically evoked suppression of GABAergic transmission in the cerebellar cortex.
Presynaptic CB(1) cannabinoid receptors are frequently targets of endogenous cannabinoids (endocannabinoids) released from postsynaptic neurons. It is known that the glutamatergic afferent input to a neuron can trigger endocannabinoid production and that the released endocannabinoid can suppress the glutamatergic input. We tested the hypothesis that activation of the glutamatergic input to a neuron leads to an endocannabinoid-mediated suppression of the GABAergic afferent input to the same neuron. Spontaneous postsynaptic currents (sPSCs) were recorded with patch-clamp techniques in Purkinje cells in mouse cerebellar brain slices. Activation of the climbing fiber-mediated glutamatergic input to Purkinje cells led to a suppression of the sPSCs by 34+/-3%. This suppression was mostly due to suppression of GABAergic spontaneous inhibitory postsynaptic current (sIPSCs), because 93% of the sPSCs recorded in Purkinje cells were GABAergic sIPSCs. Blockade of ionotropic, but not metabotropic glutamate receptors, prevented the suppression. The climbing fiber activation led to an increase in calcium concentration in the Purkinje cells, and this increase was necessary for the suppression of sPSCs, because the suppression did not occur when the calcium increase was prevented by BAPTA. No sPSC suppression was observed in the presence of the CB(1) antagonist rimonabant or the diacylglycerol lipase inhibitor orlistat. In a further series of experiments GABAergic sIPSCs were recorded: these sIPSCs were also suppressed after climbing fiber activation, and the suppression was sensitive to the CB(1) antagonist SLV319. Finally, the GABAergic synaptic transmission between molecular layer interneurons and Purkinje cells was directly studied on simultaneously patch-clamped neuron pairs. Climbing fiber activation led to suppression of the interneuron --> Purkinje cell synaptic transmission. The results point to a novel form of endocannabinoid-mediated heterosynaptic plasticity. The endocannabinoid production in a neuron is triggered by its glutamatergic synaptic input and is dependent on an increase in intracellular calcium concentration. The produced endocannabinoid, in turn, suppresses the GABAergic synaptic input to the neuron by activating CB(1) cannabinoid receptors.